Background: Breast cancer survival is inversely related to body mass index (BMI), but previous studies have not included large numbers of older women. This study investigated the association between BMI and mortality after breast cancer diagnosis in a cohort of older Caucasian women enrolled in the Study of Osteoporotic Fractures. Methods: All women were age z65 at study entry (N = 533). Cox proportional hazards regression analysis was used to determine the effect of BMI as a continuous variable on risk of all-cause, cardiovascular, any cancer, and breast cancer mortality. Interaction terms were included to evaluate effect modification by age at diagnosis. Results: Mean age at diagnosis was 78.0 years (SD 5.7) with an average of 8.1 years (SD 4.4) of follow-up after diagnosis. There were 206 deaths during follow-up. The effect of BMI on mortality depended on age (P interaction = 0.02). At age 65,
Introduction
Because of early detection and improved treatment of breast cancer, the percentage of women surviving at least 5 years after diagnosis has increased to 88% (1) . The number of breast cancer survivors, therefore, continues to increase; yet, relatively little is known about the survivorship experience of these women. Breast cancer survivors may have more fragile health than that of their same-age peers. The risk of recurrence remains a constant worry, and f45% of breast cancer patients ages 60 to 69 years at diagnosis and 33% of those ages z70 years at diagnosis may experience a recurrence of their cancer (2) . Furthermore, the treatments women receive to combat their cancer are not benign. Late effects of treatment potentially include cardiovascular problems (3), decreased bone mineral density (4) , and increased risk of endometrial cancer (5) (6) (7) (8) . Thus, breast cancer survivors may experience significant cardiovascular, fracture-related, and cancer mortality.
Identifying lifestyle factors that can modify the risk of mortality is important for improving the survival experience of women diagnosed with breast cancer. Evidence is accumulating that shows that obesity may be one such factor. Individuals with a body mass index (BMI), defined as weight in kilograms divided by the square of the height in meters, z30 kg/m 2 are considered obese. Among postmenopausal women, obesity confers an increased risk of breast cancer (9) . Furthermore, obesity has been linked to increased risk of recurrence (10) and decreased survival (11) (12) (13) in postmenopausal women with breast cancer. These associations may result from the peripheral conversion of androstenedione to estrone that occurs in the adipose tissue causing higher levels of estrogen in obese postmenopausal women (14, 15) . Alternatively, the poorer prognosis may reflect suboptimal treatment of obese women with breast cancer (16) . Studies investigating obesity and survivorship after breast cancer, however, have included few women older than 65 years at diagnosis (11) (12) (13) or have specifically excluded this age group (10) , and no studies have investigated these relationships in a cohort of older women. This is true despite the fact that the highest rates of breast cancer are observed among women over age 65 (17) . The effect of obesity on mortality may be lower among older adults (18) (19) (20) , and it is possible that results observed among cohorts of younger postmenopausal breast cancer survivors may not apply to older breast cancer survivors.
The present analysis sought to describe the distribution of causes of mortality among older breast cancer survivors and how BMI affected their risk of death. The Study of Osteoporotic Fractures (SOF) provides a unique opportunity to investigate mortality in breast cancer survivors in a prospective cohort of Caucasian women ages 65 years and older at enrollment and with up to 20 years of follow-up data available.
Materials and Methods
Study Population. All women included in this analysis were participants in the SOF. The SOF cohort and methods have been described previously (21) (22) (23) . Briefly, SOF recruited participants using voter registration lists from four U.S. clinical sites (Baltimore, Minneapolis, Monongahela Valley near Pittsburgh, and Portland) between 1986 and 1988. The primary goal of SOF was to identify risk factors for osteoporotic fractures in a prospective cohort of older women. Eligible participants were female, ages 65 years or older, ambulatory, and had not received a bilateral hip replacement. The initial SOF cohort consisted of 9,704 Caucasian women. All women provided written informed consent, and this study was approved by institutional review boards at each participating institution. A total of 540 women from the initial SOF cohort were diagnosed with breast cancer after their enrollment into SOF with follow-up through February 2006. Three women who were underweight (BMI < 18.5 kg/m 2 ) and four women with a missing value for baseline BMI were excluded from the present analysis. Thus, the final sample included 533 women.
Data Ascertainment. Data on SOF participants have been collected at clinical examinations at baseline and about every 2 years thereafter and through periodic telephone contacts and mailings. At entry into SOF and at subsequent clinical visits, height was measured using a wall-mounted stadiometer (Holtaun), and weight was measured using a balance beam scale in light indoor clothing. Height and weight were used to calculate BMI. Data on other covariates in this analysis were obtained at baseline or year 2.
Incident cases of breast cancer have been documented through self-report and validated using medical records, hospital discharge summaries, pathology reports, and death certificates as described previously (24) . Upon adjudication, f98% of self-reported cases of breast cancer were confirmed and counted as breast cancer outcomes. Self-report of breast cancer was obtained at each follow-up visit, and hospital discharge summaries and death certificates were searched for information regarding breast cancer upon report of a participant's death. Stage at diagnosis, estrogen receptor (ER) status, and progesterone receptor (PR) status were also recorded from these sources. Causes of death were ascertained via reviews of death certificates and hospital discharge summaries (if available) and adjudicated by a single SOF physician investigator who assigned International Classification of Disease, Ninth Revision (ICD-9) codes. Follow-up on the cohort was 99% complete (25) . 26) . Baseline BMI was chosen as the primary independent variable because it preceded breast cancer diagnosis for all women and was believed to be representative of women's usual adult weight before breast cancer. Kaplan-Meier curves were constructed to describe the survival experience of the study population stratified by BMI category. Unweighted logrank tests were used to assess differences in survival among the BMI groups. Age-adjusted mortality rates were calculated within each BMI category using Poisson regression, and differences between overweight or obese women and normal women were assessed using Wald tests of the coefficients for overweight and obese in the Poisson model.
Cox proportional hazards regression was used to estimate hazard ratios (HR) and 95% confidence intervals (95% CI) for the effect of BMI on risk of mortality while controlling for potential confounders. BMI was included as a continuous variable to increase power for the regression analyses. Potential confounders were chosen based on prior knowledge of a relationship with mortality from breast cancer and/or cardiovascular disease; these included age at diagnosis (continuous), history of stroke at baseline (no, yes), history of heart disease at year 2 (no, yes, missing), history of congestive heart failure at year 2 (no, yes, missing), diabetes status at baseline (no, yes), hypertension at baseline (no, yes), smoking status at baseline (never, past, current), stage at diagnosis (in situ, I/II, III/IV, unknown), ER status (negative, positive, borderline/unknown), and PR status (negative, positive, borderline/unknown). Dummy variables were used as appropriate. Stepwise backward selection was used to choose covariates included in each of the Cox models. Variables significant at the 0.10 level were included in the final models. An interaction term between BMI and age at diagnosis was also generated, as previous reports have suggested that the effect of BMI on mortality is different at older ages (18) (19) (20) . Likelihood ratio tests were used to evaluate the significance of the interaction between BMI and age at diagnosis in each model by comparing the model including the interaction term to the main-effects model.
The time variable in all models was time since breast cancer diagnosis. This variable was calculated by subtracting the time to breast cancer diagnosis from time to death or censoring. Individuals who were still alive at the end of follow-up were censored in this analysis. In the cause-specific models, death from other causes was considered a censoring event. The proportional hazards assumption was checked for each covariate and globally using scaled and unscaled Schoenfeld residuals, respectively. Fractional polynomials were used to verify the linear form of age and BMI. Plots of Cox-Snell residuals were used to assess overall model fit. Two-sided P V 0.05 was considered statistically significant. All analyses were done with Stata version 8.0 (Stata Corp.). Table 1 presents the distribution of demographic and breast cancer characteristics among 533 Caucasian women diagnosed with breast cancer during SOF follow-up. The average age of these women at diagnosis was 78.0, and the average BMI at SOF enrollment was 27.1 kg/m 2 . About one quarter (24.2%) of the women were obese. The majority of women never smoked (64.0%) and had no history of diabetes (93.8%), stroke (98.3%), heart attack (93.6%), or congestive heart failure (99.1%). Obese women were more likely to report a history of diabetes (P < 0.001) or hypertension (P = 0.02) than normal or overweight women. Smoking status was significantly associated with BMI: 13.6% of normal BMI women were current smokers versus 7.4% overweight and 2.3% obese (P < 0.001).
Results
On average, women were diagnosed with breast cancer 7.5 years (SD 4.3) after enrolling into SOF. The time between enrollment and diagnosis of breast cancer did not differ across BMI categories (P = 0.60). Women most frequently presented with stage I or II disease (75.7%) that was ER (68.9%) and PR (54.0%) positive. A significant proportion of women had either borderline or unknown ER and PR status. ANOVA showed that these women tended to have an earlier time to breast cancer diagnosis than those with known ER status (P = 0.03); yet, this did not reach statistical significance for PR status (P = 0.11). The majority of these women were diagnosed with in situ (53.6%) or stage I/II (39.1%) disease. Breast cancer characteristics were not significantly different among categories of BMI.
Average follow-up after breast cancer diagnosis was 8. cardiovascular disease, 68 from any cancer, and 45 from breast cancer. Other causes of death included pneumonia (n = 14), dementia (n = 10), septicemia (n = 7), Alzheimer disease (n = 6), chronic obstructive pulmonary disease (n = 5), unknown (n = 16), or other various causes (n = 24).
Of the 68 women who died of cancer, 23 (33.8%) of the deaths were due to cancers other than breast cancer, including colon cancer (n = 6), lung cancer (n = 5), cancer of undetermined origin (n = 4), leukemia (n = 2), and one each of lymphoma, liver, pancreatic, uterine, ovarian, and brain cancer.
The age-adjusted rates of all-cause and cause-specific mortality did not differ by BMI category ( Table 2 ). The Kaplan-Meier survival curves for all-cause and cause-specific mortality are displayed in Fig. 1 . Log-rank tests showed that there were no significant differences in survival by BMI category for all-cause (P = 0.98), cardiovascular (P = 0.86), any cancer (P = 0.29), or breast cancer (P = 0.99) mortality. Table 3 presents the HR estimated from the Cox proportional hazards regressions for all-cause and cause-specific mortality. A significant interaction was observed between BMI and age for the outcome of death from any cause (P interaction = 0.02). To illustrate the effect modification, estimated HRs were calculated at five age levels (65, 70, 75, 80, and 85 years old at diagnosis) and for the mean BMI of the normal (22.6 Similar interactions were observed for death from any cancer (P interaction = 0.08) and death from breast cancer (P interaction = 0.05). Among women age 65 at diagnosis, the risk of death from any cancer was four times higher for an The effect of BMI on risk of death from cardiovascular disease was not observed to depend on age (P interaction = 0.49). Furthermore, increased BMI was not independently associated with risk of death from cardiovascular disease after breast cancer diagnosis. The risk of cardiovascular mortality was similar among women with BMIs of 34.0 kg/m 2 (HR, 0.99; 95% CI, 0.51-1.91), 27.3 kg/m 2 (HR, 1.00; 95% CI, 0.76-1.31), and 22.6 kg/m 2 (reference). We evaluated whether differences in change in BMI between baseline and diagnosis existed by age or baseline BMI category using ANOVA. These analyses revealed a borderline significant interaction between age and BMI category (P interaction = 0.10), such that the oldest (z75) obese women decreased in BMI an average of 1 to 2 units, whereas those of normal weight or overweight averaged less than a 1-unit increase in BMI between baseline and diagnosis (data not shown). There were no differences in BMI change by baseline BMI category among women ages 65 to 74 years.
A number of women were unable to attend a clinical visit at year 2 and provided only questionnaire data at that time. We evaluated whether their lack of attendance may have indicated poor health early in the study and therefore biased our results. In sensitivity analyses restricted to the 480 women with a clinical visit at year 2, we observed similar results as in our entire cohort, although point estimates and P values were slightly attenuated. The interaction between age at diagnosis and BMI for all-cause mortality remained statistically significant (P interaction = 0.046).
Discussion
The effect of elevated BMI on risk of all-cause, any cancer, and breast cancer mortality varied by age in this cohort of older breast cancer survivors. At younger ages (e.g., age 65 and 70 years), women with higher BMI also had a higher risk of allcause, any cancer, and breast cancer mortality. Increasing BMI seemed to have no effect on these outcomes among women age 75 at diagnosis. Among the oldest women (e.g., age 80 and Figure 1 . Kaplan-Meier survival curves for all-cause and cause-specific mortality stratified by BMI category. Unweighted log-rank tests for equality of survival curves by BMI category: A, all cause (P = 0.98); B, cardiovascular (P = 0.86); C, cancer (P = 0.29); D, breast cancer (P = 0.99).
Cancer
Although in some cases, the point estimates of these hazards ratios did not reach statistical significance, a trend toward BMI having a positive effect among the younger women in the cohort (e.g., age 65 years), no effect among the women in the middle of the age range of the cohort (e.g., age 75 years), and an inverse effect among the oldest women in the cohort (e.g., 85 years) is apparent. BMI had no effect on risk of cardiovascular mortality after a breast cancer diagnosis in this prospective cohort of SOF participants ages z65 years at diagnosis.
These results, which find an age-dependent association between BMI and survival from postmenopausal breast cancer, differ from those reported in a number of previous studies, in which obese postmenopausal breast cancer survivors had poorer survival (11) (12) (13) (27) (28) (29) (30) . One study, however, reported that whereas there was a significant association between BMI and increased all-cause mortality in their entire cohort, this association did not exist among the postmenopausal women (HR, 0.84; 95% CI, 0.28-2.56; ref. 10). Other studies have reported no association between elevated BMI and survival from postmenopausal breast cancer (31, 32) , and one reported that lower weight before diagnosis is predictive of a poorer prognosis (33) , although no stratification by menopausal status was conducted in this study. Interestingly, some previous studies of premenopausal and postmenopausal women have reported that obese women have tumor characteristics associated with poorer prognosis, such as advanced stage and grade, larger tumor size, and more frequent involvement of nodes (34) (35) (36) ); yet, BMI was not associated with breast cancer characteristics in SOF.
Previous studies, however, have not been conducted using a cohort comprised entirely of women ages 65 years and older at diagnosis. Most prior studies have included women ages 65 years and older at diagnosis; yet, this age group accounted for less than 50% of the study population in those studies where it was possible to determine the age distribution (11, 12, 29, 35, (37) (38) (39) . Two studies did not include any women over age 65 years at diagnosis (10, 40) . The results reported here are likely due to the unique age characteristics of the SOF cohort. Among older adults, the risk of death associated with obesity may be lower (20) , or even inverse (19) , with a BMI around 30 kg/m 2 associated with minimal risk of death (18) . Reviews of the literature have also concluded that elevated BMI does not increase the risk of mortality in older adults except in cases of extreme obesity (41, 42) . Indeed, our results show that increased BMI may have little effect, or even a positive effect, on survival after breast cancer at older ages. It is possible that older individuals who are overweight have greater physiologic reserves and so are better equipped to deal with weight loss that may occur as a result of breast cancer. It has also been hypothesized that the lack of increased mortality among overweight and obese older adults is due to a survival bias, in that only obese individuals who are less susceptible to the effects of obesity survive to become older adults (42) . Thus, the BMI categories typically used in adult populations may not be applicable to older adults. Breast cancer incidence rates increase with age, and the highest rates are observed among women ages 75 to 79 years (447.3 per 100,000; ref. 17) . Thus, breast cancer among older adults is a significant public health problem, and further studies of older breast cancer survivors are necessary to confirm the findings reported here.
This analysis has many strengths in addition to including a large cohort of women diagnosed with breast cancer after age 65. The SOF cohort is well characterized, and long-term followup data are available. The vast data available on other risk factors for mortality allowed for control of possible confounders in this analysis. Breast cancer cases and mortality outcomes were adjudicated using a variety of sources. Finally, data on height and weight were measured in the clinic rather than obtained by self-report. It is known that women underreport their true weight (43) and older women also tend to overestimate their height (43, 44) , thus leading to significant underestimation of calculated BMI (43, 45) . The use of measured height and weight data eliminates the potential bias of self-reported BMI.
There are a number of factors that limit this study, however. First, although nearly 40% of the breast cancer survivors had died during follow-up, cause-specific analyses were underpowered due to small numbers of events. The interactions between BMI and age on risk of death from any cancer and from breast cancer were of borderline statistical significance (P interaction = 0.08 and P interaction = 0.05, respectively) and may have reached statistical significance had a larger number of outcomes been observed. Additionally, this analysis included only Caucasians, and women were in generally good health at SOF baseline; thus, these women may not be representative of the general population of breast cancer survivors. No information on treatments received for breast cancer was available, thus confounding by type of treatment received might exist. However, we had information on stage at diagnosis and ER/ PR status and were able to control for these prognostic factors in our analyses. Furthermore, the BMI of the women at SOF baseline was used as the independent variable of interest, and because the average time between SOF enrollment and diagnosis of breast cancer was f7.5 years, many women may have gained or lost weight before their diagnosis. We evaluated this potential for bias by calculating the change in BMI between baseline and diagnosis. No differences by BMI category existed among women ages 65 to 74 years, but among women ages z75 years, mean BMI decreased among the obese but was stable among the normal and overweight. Thus, the present results should be unbiased for women ages 65 to 74 years but may be biased among those over age 75 as some women classified as obese at baseline may have been classified as overweight or normal at the time of their breast cancer diagnosis. It is a strong possibility, however, that such weight loss among the oldest obese women may have resulted from undetected disease before the clinical diagnosis of breast cancer.
As the baseline weight measurements were likely to be representative of women's usual adult weight and less influenced by latent disease, we believe that the baseline measure of BMI is the most appropriate for use in these analyses.
In conclusion, the effect of increased BMI on mortality depended on age in this cohort of older breast cancer survivors. Although elevated BMI might be detrimental to the post-diagnosis survival of women at younger ages, as women approach their mid-70s increased BMI may be less of a concern. As the U.S. population increases in both age and BMI, further studies of the effect of BMI on survival among older women diagnosed with breast cancer are necessary.
